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ABSTRACT

In this study, the synthesis of a new composite adsorbent using rice biosourced silica, silver nanoparticles
and triethoxysilane as the raw materials for removal aqueous mercury ions from water is presented. The
new composite material was synthesised by modification of the surface of rice husk based silica with silane
groups and farther decoration with silver nanoparticles. Characterization was carried out through, Fourier
transform infrared (FT-IR) spectra analysis, N2 adsorption-desorption (Brunauer-Emmett-Teller) and thermal
gravimetric analysis (TGA). Synthetic and real mercury containing water sampled from Balkyldak lake-reservoir,
Kazakhstan were tested. The results demonstrated that the affinity of the composite for mercury is high and
the removal mechanism is adsorption accompanied by an amalgamation reaction between silver and mercury.
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Graphical abstract

Introduction. Currently water contamina-
tions with heavy metals have great interest. Even
at low concentrations, these metals have a toxic
affects to environment and microorganisms. Mer-
cury is one of the most harmful pollutants among
heavy metals. It is widespread in natural waters,
groundwater, draining water in urban areas, and
industrial waste [1]. Consequently, development
of efficient clean-up technologies for removal of
mercury from agueous media has been required
testing various methods such as ion exchange,
precipitation, reduction, solvent extraction, re-
verse osmosis and so on. However, compared to
adsorbents all these methods have deficiencies
such as high cost, low efficiency, formation of
by-products, and unsuccessful at low toxic metal
concentrations (1-20 mg-L-1) etc. Hence, many
researches have been considered adsorption is
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Figure 0 - Schematic illustration of the
experimental procedure of composite materials
fabrication.

The suggested mechanism for adsorption of
Hg2+ ions on the rice husk based SIO2AgNPs
composite materials is demonstrated on Fig. O.

the most advantageous technique for elimination
Hg2+ions from wastewater [2].

According to United States Environmental
Protection Agency (USEPA) the minimum allow-
able limit of mercury concentration for drinking
water is 0.002 mg/l, whereas for World Health
Organization this was set at 0.006 mg/l [3]. Be-
sides, mercury discharge into water sources has
been increased in Asia, South America, and Afri-
ca due to elevated mercury pollution from indus-
trial plants [4].

Kazakhstan is also vulnerable in terms of
ecological problems concerning mercury pollu-
tion of water resources. The brightest example
is the technical reservoir Balkyldak, which is
located near the industrial district of Pavlodar
city in the north of Kazakhstan. This waterbody
was intended to store and evaporate industrial
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wastes of several large-scale plants in Pavlo-
dar, among them are the Pavlodar Oil Chemical
Refinery (POCR) LLP, the Pavlodar Chemical
Plant “Caustic” JSC and the heat electric gen-
eration plant [5]. The industrial effluent entering
the reservoir contains various pollutants, such as
petrochemicals, heavy metal salts (Zn, Fe, Cr,
Hg etc.), chlorine, sulphates etc. Recent research
conducted by Karaganda State Technical Uni-
versity on monitoring of toxic metal contamina-
tion in the northern district of Pavlodar showed
that the mercury content in soil and groundwater
exceeds allowable limit, which verifies that this
region is still remains the main focus of mer-
cury pollution. In addition, mercury discharges
into Balkyldak reservoir was greatly enhanced
by operation of an industrial object so called
ex-“Chimprom”, which produced chlorine and
sodium through electrolysis with mercury cath-
ode between 1973 and 1992. During 14 years
the 1089.36 tons of metallic mercury was con-
sumed. In addition to small discharge of mercury
into waterbody during regular plant operations,
the significant leakages occurred during the
shutdown of the plant. Mercury discharge into
aquatic systems of the lake-accumulator Balky-
Idak has an adverse impact on flora and fauna
in this region. The analysis of tench fish, which
is inhabitant of the lake, showed that mercury
concentration in fish exceeds the allowable min-
imum limit in 0.53 and 3.73 times. The maxi-
mum amount of mercury content was found in
perch, which is equal to 5.6 times maximum per-
missible concentration (MPC) [5]. Furthermore,
comparison of water content in the Balkyldak
Lake and in groundwater showed that mercu-
ry concentration has increased in groundwater,
whereas the concentration of zinc and chromium
remains unchanged. The major concern relates
to the spread of mercury pollution into the Irtysh
River, which is one of the largest waterbodies in
Kazakhstan. In 1950s, mercury pollution from a
chemical plantin Minamata Bay caused contam-
ination of fish, which was the main food supply
for inhabitants of modest village. As a result of
this human tragedy 2252 people were affected
and 1043 people died. Therefore, efficient mer-

cury remediation technologies evolvement is ex-
tremely urgent [6, 7].

Based on mercury properties, the physical
adsorption between mercury and active adsor-
bents may not be effective. In majority of cas-
es, the adsorbent’s surface must be modified for
chemical adsorption. It has been reported that
several metals, such as palladium, platinum, rho-
dium, gold, zinc, aluminium, copper and silver
are ready to form amalgam with mercury. More-
over, these metal amalgams formed with mercu-
ry have relatively low solubility, which implies
negligible release of mercury after adsorption.
Among those metals, it has been noted that silver
has the lowest solubility, therefore, it was select-
ed to modify adsorbent support and create more
active sites [8, 9].

Activated carbon, carbon nanotube, zeolites,
clays and mesoporous silicas are have been wide-
ly used for removal metal ions from aqueous sys-
tem. However, because of their relatively high
cost today especial attention has been devoted to
finding inexpensive adsorbents [10].

Silica can be chosen as an efficiently adsor-
bent in water treatment processes because of its
granular structure, water insolubility, chemical
stability, high mechanical strength and its low
costs. Alternative sources of silica such as rice
husk and sugarcane bagasse have been used to
obtain amorphous silica by costly templates, sur-
factants and use of acid washing under high tem-
perature and atmospheric and thermal treatment
methods [11]. For instance, RHA with 87.5 %
silica content prepared by directly calcination of
RH at 650 °C for 2 hours was used to synthesize
poly inorganic silica with Fe and Al ions, which
are more favorable in removal of heavy metals
from wastewater [12, 13].

Different optimization approaches have been
used to improve the adsorption capacity of the
mesoporous silica. Katok et al. [14] have report-
ed synthesis of composite materials by immobili-
zation of silver nanoparticles on the silica surface
functionalized with hydride groups. They were
examined potential application of hydride silica
composites as adsorbents for mercury from aque-
ous systems. These novel adsorbents demonstrate
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high reactivity, pH sensitivity, capacity and can
be effective candidate materials for removal mer-
cury ions.

The method of silver nanoparticle immobi-
lization on the surface of modified silica, which
used in present work, has a list of significant ad-
vantages over other techniques. At first, it is eco-
nomically feasible since it requires the minimum
expense ofthe silver nitrate solution as a starting
material. Secondly, silica can be synthesized us-
ing rice husk as a raw material [15]. Besides, it is
anticipated that the synthesis of ‘chemically pure’
NPs results in hyperstoichiometry phenomena
by which more efficient toxic metal remediation
from water can be performed.

According to Katok et al. mercury ions in
solution interact with silver metal (Ag0 at a
Ag:Hg stoichiometric ratio of 2:1 resulting in
zero valent mercury [15]:

2Ag+Hg2~ 2Ag++Hg (1)

Based on this stoichiometric ratio Katok et
al. [15] described a hyperstoichiometric effect,
according to which the Ag:Hg ratio changes
depending on the Ag NPs size reaching 2:2.25.
This ratio was taken from the quantity of Hg2+
reduced from solution with that of Ag+ oxidized
into solution. However, this is only part of the
overall mechanism as redox is followed by amal-
gamation. The Hg2treduction and amalgamation
were observed by Henglein and Brancewicz [16]
and Henglein [17] who suggested the following
reaction mechanism between Hg2+and Ag NPs:

Agn+ Hg2- Ag(n2Hg + 2Ag+ 2

Harika et al. [18] studied the amalgamation
reaction by ultrasonically reacting liquid mercury
with an aqueous solution of silver nitrate. While
the formation and role of silver nanoparticles is
not discussed the authors observed schachnerite
and moschellandsbergite and mixed phases with
molar ratios of Ag:Hg from 2:1.33 up to 2:4. For
instance, assuming the 2:1 ratio in the redox re-
action and the formation of moschellandsbergite
the overall reaction is:

8Ag+ 3Hg2+ 6Ag++ AgHg3 (3)
In the case of schachnerite:
29Ag+ 0.9Hg2- 18Agt+A~Hg" (@)

Thus, the overall stoichiometric ratio could
be 2:0.75, 2:0.62 depending on the formed amal-
gam.

Thus, present research work explored the
preparation and characterization of new effec-
tiveness inexpensive adsorbent prepared from
agricultural wastes, namely rice husk silica to
remove aqueous mercury ions from water speci-
mens. The use of silica as an adsorbent not only
solve the problem of potential human health risk
and ecological disturbances related with toxic
heavy metals but also will expand the feasibility
of turning agricultural byproduct in to a valuable
resource.

Materials and methods

Materials and chemicals. Triethoxysilane,
glacial acetic acid, silver nitrate, mercury chlo-
ride were purchased from Sigma Aldrich and
used without further purification. Rice was used
as the main raw material for synthesizing silica
by physical and chemical treatment methods.
The mercury nitrate solution and microbiological
samples collected on the Balkyldak Lake-reser-
voir were used in adsorption experiments.

Characterizations. Fourier Transform In-
frared Spectroscopy (FTIR) was performed us-
ing Agilent technologies, Cary 600 series FTIR
spectrometer in transmission (T) mode at mid IR,
wavenumbers range 500-4000 cm-l to conduct
IR measurements. Band intensities can be also
expressed in absorbance mode, in which same
results are expected. The powder was then dis-
persed in a matrix of potassium bromide (KBr)
in the ratio of ~1:10. The absorption coefficient
of KBr is far less than 400 cm-], therefore no ab-
sorption peak of KBr appeared in the range of
measurement.

Physical parameters of nitrogen adsorption/
desorption forthe Barret-Joyner-Halenda average
pore diameter (DBH, the Brunauer-Emmett-Tell-
er surface area (SEEI) and the total pore volumes
(Vtod) was obtained by Autosorb-iQ Automated
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Gas Sorption Analyzer. Thermal characteristics
of initial and modified samples of silica were
measured by thermogravimetric analysis using
TG/DSA 6000 instument (Perkin Elmer).

The removal of mercury ions from aqueous
solution analyzed by RA-915M Mercury Analyz-
er with pyrolysis attachment (PYRO-915+).

Synthesis of silica by physical-chemical
treatment. The samples of rice husks were pre-
viously washed with water for the purification of
the composition from foreign substances. Then
the initial raw materials were dried in the labora-
tory drying oven at the temperature of 90 °C for
2 hours (for complete evaporation of the water
in the composition). All prepared samples (50 g)
were calcinated at 600 °C for 4 hours in a muf-
fle furnace (AAF series, Carbolite) to produce
white rice husk ash (WRHA). After the end of
the process, all organic compounds in the rice
husk are burned completely and eventually the
ash of white rice husks is formed. Subsequently
the WRHA was mixed with 100 ml of 2M NaOH
at 90 °C at continuous vigorous stirring for 2
hours in order to extract the solid silica into water
soluble sodium silicate. The water soluble sodi-
um silicate solution was filtered via the vacuum
pump to remove insoluble residues. After filtra-
tion, the water soluble sodium silicate solution
(the filtrate) converted into insoluble silicic acid
by reaction with concentrated HCI for 30 min-
utes, under continuous stirring.

Modification surface of rice husk silica
samples with silicon hydride groups

Batch (3 g) ofthe silica oxide was added into
a round bottom flask equipped with a reflux con-
denser. The flask was placed in a water bath with
constanttemperature (90 °C) and solution ofmod-
ifier (0.4 ml triethoxysilane (TES, Sigma Aldrich,
390143, 95%) in 60 ml of the glacial acetic acid)
was added under continuous stirring. After 2 h of
reaction, the mixture was cooled to room tem-
perature and filtered. Obtained solid was dried at
90 °C. Resulting modified silica samples were
used for reaction of the silver nanoparticles for-
mation.

Formation of Ag nanoparticles on the sur-
face of silica

Silver nanoparticles formation on silica sur-

face was as follows: 5 samples of modified silica
(11 g. each) were immersed into silver nitrate
(10 mmol-L-) aqueous solution at ambient tem-
perature with different volume (5.5, 11, 22, 33,
44 ml) of silver nitrate; all experiments were car-
ried out in the light shielded conditions to prevent
the light degradation of the silver nitrate. Silver
nanoparticles are formed on the surface of silica
through the chemical reduction of silver ions into
zero-valence state as result of reaction with sili-
con-hydride groups on the silica surface (Table
1). The obtained samples were filtered and dried
for 12 h at 105 °C in the bench oven.

Mercury removal experiments

Silver nanoparticles deposited on the silica
surface were tested in reactions with mercury
chloride (HgCl2, for each experiment 0.1 g of
silver containing silica was placed in a conical
flask and 10 ml of HgCI2(Sigma Aldrich, M6529,
>99.5%) solution (100 mg/l) was added. The
mixture was continuously stirred at ambient tem-
perature for 1.5 hours. After reaction, the mixture
centrifuged and solution analysed for mercury
content. The real mercury containing solutions
were sampled from the lake-reservoir Balkyldak
and had an initial concentration 14836.6 ng/l.
The residual mercury in the solution was anal-
aysed by using the RA-915M Mercury Analyzer
with pyrolyzer PYRO-915+.

Results and discussion

M aterial characterization

Porosimetry. N2 adsorption-desorption
measurement were performed to characterize
the textural properties of initial and TES-modi-
fied silica. Silica nanoparticles were obtained by
thermal treatment of rice husk (RH) followed by
separation of silica from the ashes of rice husks
(RHA) code-named RHA-Si and subsequent
modification by silane code-named RHA-SIi/HSi
and modified with silver nitrite RHA-Si/HSI/Ag.

Table 1show the data of low-temperature ni-
trogen adsorption in accordance with the sample
coding. Adsorption data for the silica samples
were used to calculate the specific surface area,
pore diameters and total pore volume by the BJH
and BET method.
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Table 1- Porosimetry results

Sample Sur{gcée_rz;rea, Surface area, (BJH) (\éﬁlﬁg ((25137)
[m2g] [m2g] [cm3g] [nm]

RHA-SI 980 418 1.086 3.055
RHA-Si/HSI 285 166 0.895 4,723
RHA-Si/HSi/Ag 310 160 0.863 5.072

It follows from Table 1that the RHA-Si/His
and RHA-Si/HSi/Ag samples have a lower spe-
cific surface area (166, 160 m2g) than the initial
RHA-Si sample (418 m2g), which is due to the
modification of the sample by the silane, which
partially covers the silica surface. This is con-
firmed by a decrease in the pore volume of the
modified samples (0.895, 0.863 cm3g) compared
to the initial silica (1.086cm3g).

The isotherms can be classified as type 11 Fig.
1b,c with macroporous and 1V in Fig. 1a, accord-
ing to IUPAC classification (Sing et al., 1985)
[19] with an uptake in the low pressure region (p/
p0< 0.1) characteristic of microporous materials.
However, isotherm also shows a distinct hyster-
esis loop at intermediate to high relative pres-
sures, which is characteristic of the presence of
large micropores and mesopores (type 1V). This
is clearly shown on the graph ofthe pore size dis-
tribution in silica samples.

10

Figure 1 - Nitrogen adsorption-desorption isotherm of
initial RHA-Si, RHA-Si/HSi, RHA-SI/HSi/Ag samples

Thermogravimetric analysis. The thermo-
graph of the initial silica sample from the rice
husks code-named RHA-Si is shown in Fig. 2.

Figure 2 - Thermograph of RHA-Si sample

From the thermograph, it follows that when
the sample was heated to 950 °C, a monotonic
mass loss occurred throughout the entire period.
In the first heating section up to 100 °C, the sam-
ple loses 2 % of the mass due to evaporation of
water from the structure of the sample, which is
evident from the energy consumption curve (red
line). Further, there is a gradual loss of mass, but
starting from 500 °C, a sharp consumption of en-
ergy begins and ends at 800 °C, which indicates
that the unburned sodium salt is melted in the
structure of the silica. At the end of the thermal
analysis for a sample of silica from rice husk, it
was found that the sample is heat-resistant and
the weight loss is 9.1 %.
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Figure 3 - Thermograph of RHA-Si/HSi sample

The data of the thermograph of the RHA-SI/
HSi sample (Fig. 3) indicate a low mass loss (no
more than 2.5 %) due to the evaporation of water
at a temperature of 66 °C. Then there was a lin-
ear loss of mass without consumption or release
of energy, but from 500 °C to 900 °C, an endo-
thermic reaction occurred without a sudden jump
in mass loss, which indicates an intrastructural
change in the sample of the material. The total

weight loss did not exceed 14 %.
= SiH + Ag+ + 2H20 »

(©)

FTIR results. The FT-IR spectra of (a) the
unmodified silica, (b) the TES-modified silica and
silver NPs decorated silica were shown in Fig. 3.
Silica hydride groups anchored to the surface of
silica particles possess weak reducing properties,
which are sufficient for generating “chemically
pure” zero-valent silver by the reduction of silver
cation according to Equation (6).

= SIOH + Ag0+ HD+ + * H2(6)

(b)

Figure 4- FTIR spectra for silica from rice
husk (a), after TES modification (b) and silver
nanoparticles formation (c).
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In the IR spectra of Silica, stretching vibra-
tional bands of Si-O can be observed at 1860 cm-1
(Fig. 3a). After the modification of silica with tri-
ethoxysilane, the IR spectra contained an intense
band with an absorption maximum at 2260 cm-1
This band corresponds to Si-H bond stretching
vibrations in surface chemical compounds (Fig.
3b). A broad absorption band at 3300-3800 cm-1
is evidence of the presence of adsorbed water and
perturbed = SiOH groups in the surface layer. Af-
ter modified silica was brought in contact with a
solution of silver nitrate, and silver nanoparticles

were reduced in the surface layer of silica matri-
ces (Fig. 3c).

Mercury removal experiments

Synthetic solution. Different concentrations
of silver nanoparticles on silica substrate were
synthesized and calculated stoichiometric ratio of
Hgllto Ag0: 0.005 mmol Ag/g SiO2 0.01 mmol
Ag/g SiO2 0.02 mmol Ag/g SiO2 0.03 mmol
Ag/g SiO2 0.04 mmol Ag/g SiO2 0.05 mmol
Ag/g SiO2 0.1 mmol Ag/g SiO2 0.2 mmol Ag/g
Si02 0.3 mmol Ag/g SiO2 0.4 mmol Ag/g SiO2

All the obtained samples were assigned with
the terms given in Table 2.

Table 2 - Different silver containing silica samples for interactions with mercury nitrate solution

Sample name of silver containing silica

Ag NPs with content of 0.005 mmol Ag/g SiO2
Ag NPs with content of 0.01 mmol Ag/g SiO2
Ag NPs with content of 0.02 mmol Ag/g SiO2
Ag NPs with content of 0.03 mmol Ag/g SiO2
Ag NPs with content of 0.04 mmol Ag/g SiO2
Ag NPs with content of 0.05 mmol Ag/g SiO2
Ag NPs with content of 0.1 mmol Ag/g SiO2
Ag NPs with content of 0.2 mmol Ag/g SiO2
Ag NPs with content of 0.3 mmol Ag/g SiO2

Ag NPs with content of 0.4 mmol Ag/g SiO2

Interactions with mercury nitrate solution

0.1 g of 0.005 mmol of Ag/g SiO2was mixed with 10 mL of

100mg/l of HgCI2

0.1 g of 0.01 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/l of HgCI2

0.1 g of 0.02 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/I of HgCI2

0.1 g of 0.03 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/1 of HgCI2

0.1 g of 0.04 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/l of HgCI2

0.1 g of 0.05 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/I of HgCI2

0.1 g of 0.1 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/1 of HgClI2

0.1 g of 0.2 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/l of HgCI2

0.1 g of 0.3 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/1 of HgCI2

0.1 g of 0.4 mmol of Ag/g SiO2was mixed with 10 mL of
100mg/l of HgCI2

The produced silver nanoparticles immobilized on silica support were tested on removal the mer-
cury (II) ions from aqueous solution and calculated stoichiometric ratio of Hgllto Ag0(Table 3).

Table 3 - Removal of Hg2+ from aqueous solution

Stoichiometric ratio of

Sample description Hglito Ag0
0.005 mmol Ag/g SiO2 7.4:1
0.01 mmol Ag/g SiO2 3.7:1

12

Concentration of Hg2+in

water after sorption Removal of Hg

[ng/] [%]
21014.8 79
9741.3 9
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0.02 mmol Ag/g SiO2 1.85:1
0.03 mmol Ag/g SiO2 121

0.04 mmol Ag/g SiO2 0.925:1
0.05 mmol Ag/g SiO2 0.74:1
0.1 mmol Ag/g SiO2 0.37:1
0.2 mmol Ag/g SiO2 0.185:1
0.3 mmol Ag/g SiO2 0.12:1
0.4 mmol Ag/g SiO2 0.09:1

Figure 5 - Hg2+ removal in modular solution after
sorption (left) and stoichiometric ratio Hg:Ag in reaction
of mercury uptake (right).

2927.9 97
376.6 99.6
797.6 9.1

214315 78

20431. 78

17156.3 83

15557.3 84

14650.9 85

Mercury adsorption onto hydride silica com-
posites is a fast and efficient process, allowing the
loading of up to 0.02, 0.03, 0.04 mmol of Ag/g
SiO2 adsorbent with a stoichiometric molar ratio
1.85:1, 1.2:1, 0.925:1 between Hglland AgOon the
silica surface.

Conclusions. 1 The adsorption of ionic mer-
cury (1) from aqueous solution on functionalized
hydride silicon materials was investigated.

2. The FTIR spectrum of a triethoxysilane sur-
face-modified silica sample exhibits an intense ab-
sorption band at 2250 cm-Lthat is typical of silicon
hydride groups, in addition to the vibration bands
observed for the native silica obtained from rice
husk.

3. Experiments were carried out to investigate
the effect of silver nitrate concentration, initial
mercury concentration of the aqueous solution on
mercury loading. The effectiveness of ionic mer-
cury removal from an aqueous solution by adsorp-
tion onto silica with grafted silicon hydride groups
occurs mainly by a redox mechanism: oxidation of
=SiH groups and reduction of Hg1lions.

4. Mercury adsorption onto hydride silica
composites is a fast and efficient process, allowing
the loading of up to 0.2, 0.3, 0.4 mmol of Ag/g
SiO2 adsorbent with a stoichiometric molar ratio
0.185:1, 0.12:1, 0.09:1 between Hglland AgO on
the silica surface.
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Xnmusa

CYOAPbLI CbIHAMN NOHOAPBLIH TA3APTYPA APHA/MPAH >XAHA AACOPBEHT PETIHAE BWOJIO-
TMANbIK KO3AEPAEH AJIbIHPAH KYMIC XXOHE KPEMHWIA ANOKCWA1 HEM31HAEM1 KOMMO3UTT1K
MATEPUANOAP

TYWingeme. Byn 3epTTeyde cydaH Cy/bl CbiHan noHaapbiH KeTipy YuwiH wukisaT peTblie KYpIlWTeH anbiHraH
KPEMHWIA oMoKCcUAi, Kymio HaHOGe LeKTepi X3aHe TPUITOKCUCUAAH KONAaHbINaTbIH XaHa KOMNOo3ULmnAibIK ai-
COpOEHTTLY, CMHTE3I YCbIHbIITaH. XXaHa komMno3nuymsanblk Matepunan KYpiw Kabbirbl HerisiHaeri KpeMHe3eMHiH
6eTiH cunaH TonTapbiMeH mMogudmkaumsanay XsHe ofaH api Kymio HaHobenwekTepmeH 6e3eHfipy apKbiibl
cuHTe3sgengi. Cunattama ®ypbe TYpneHgipy uHdpaksidbin (FT-IR) cnekTpnak Tangay, N2 agcopbumanbik-ge-
copbunsanbik (bpyHayap-OmmeT-Tennep) xaHe TepMusanbik rpasumeTpusanbik Tangay (TGA) apkbiibl Xy3e-
re acbipblngbl. KasakctaHgarbl bankbligak ken-cy KoiMacbliHaH asiblHraH CyAblH KypamblHAA CUHTETUKaNbIK
)3He HakTbl CbiHan 6ap. HaTuxenep KOMMO3MTTLLY CblHAMKA XaKbIHAbITbI XOrapbl EKEHIH XX3HEe X0 MeXaHU3Mi
KYMiC neH cbiHan apacblHgarbl amasbraums peakunsicbiMeH XYpPeTiH afcopObunsa ekeHiH KepceTTk

TYWin cespep: Agcopbuus, KYmic HaHo6enwekTep” KYpill Kabbirbl KPEMHWIA AWOKCUA], KPEMHWIA/Ag kommo-
3UTTEpIi, Cy/ibl CbiHaN MoHAapbI

Mpadmnkansik pedepar

CypeT 0- Komno3uTta matepuangapabl AaliblHaayabiH T9Xb
puéenk npoueaypacbiHbiH cXxemasiblK CypeTi.

SiO2AgNPs Hensblgen KYpiw kabbirbiHa Hg2+ noHAapbIHbIH
afcopbuuanaHybiHbIH YCbIHbIITAH MexaHusMi 0-cypeTTe Kep-
CeTTreH.

KOMMO3NTHbIE MATEPUWA/IbI HA OCHOBE AVWOKCUOA KPEMHUA N CEPEBPA N3 BUNOJOTU-
UECKMX MCTOUHNKOB B KAYECTBE HOBOIO AACOPBEHTA ANA YOAANEHUNA NOHOB PTYTU U3
BOAbI

AHHOTauuA. B gaHHOM nccnefoBaHun nNpeacTaBneH CUHTe3 HOBOrO KOMMO3WMTHOMO afcopbeHTa ¢ MCnonb3o-
BaHNeM AMOKCMAAa KpEMHUS U3 puca, HaHovacTul, cepebpa 1 TpUITOKCUCUIaHa B KAYECTBE Cbipbs A5 yaane-
HMS BOOHbLIX MOHOB PTYTW U3 BOAbl. HOBbI KOMMO3MLMOHHBIA MaTepuan 6bi1 CUHTE3MPOBaH MyTeM MoAudn-
Kauum MOBEPXHOCTW KPeMHe3emMa Ha OCHOBE PMCOBOW LUENyXU CWIaHOBbIMMW FpynnaMy U AasibHelLero oeko-
prpoBaHus HaHovyacTuuamu cepebpa. OnpeaeneHne xapakTepPUCTUK NPOBOAW/IN C NMOMOLLbI UHGIPAKPACHOTO
CMeKTpasibHOro aHanusa c npeobpasoBaHunem dypbe (FT-IR), agcopbunn-gecopbuun N2 (BpyHayapa-OmMmeT-
Ta-Tennepa) v TepMmorpasumeTpuyeckoro aHanumsa (TrA). Bbliv npoTecTupoBaHbl 06pasLbl CUHTETUYECKOMN
N HacTosilLell pTyTbcoaepXalleil BoAbl U3 03epa-BogoxpaHnnuwia bankeingak, KasaxctaH. PesynbTaTbl no-
Kasanu, 4TO CPOACTBO KOMMNO3UTA K PTYTU BESIMKO, a MeXaHU3M yaaneHus - agcopbums, conpoBoxpaemas
peakuunein amanbrammpoBaHua Mexay cepebpomMm u pTyTbio.

KntoueBble crioBa: agcopbuums, HaHoyacTulbl cepebpa, KpeEMHEe3eM PUCOBOI LWeyxu, KOMMNO3UTbl KpeMHe-
3em / Ag, BOAHbIE WOHbI PTYTW.

padnueckasa abcTpakuus

PucyHok O - CxemaTuyeckoe I/I306pa)KEHI/le JKCcnepun-
MEHTaIbHOIA npoueanypbl U3rotoBsieHNA KOMNO3ULWNOH-
HbIX MaTepunasos.

Mpepnaraemblli MexaHu3m agcopbumm nmoHoB Hg2 +
Ha KOMMNO3MLUNOHHbIX MaTepunanax SiO2/ AgNPs Ha oc-
HOBEe pWCOBOW LWenyxu nokasaH Ha puc.0.
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